The air temperature and relative humidity in the cowshed were examined during summer heat period to determine the comfort of dairy cows by calculating the temperature-humidity index (THI). These values were depended on the time of day. The difference in average temperatures inside and outside the cowshed didn't exceed 2-3° C. During the summer heat period (+36.9 °C), the uninsulated cowshed was cooler because of the tent (which had provided shadow against the sunlight) and the continuous work of large diameter fans. The relative air humidity in the room was on average 1-14% higher than outside, due to the release of moisture by animals and evaporation from the surrounding equipment. Therefore, THI outside and inside the cowshed differed by 2-3 units (P<0.05) . It exceeded the comfortable value (68) for cows during 18 hours per day, with a maximum increase to 81. The THI in the room itself was also different. The difference between the central and side parts of an uninsulated cowshed reached 3-4 units (P<0.05). This was depended on its location relatively to the four points of compass (from north to south) and the time of day, which means, on the degree of warming up the room by the rays of sunlight.
thermoregulation of animals. The temperaturehumidity index (THI) is widely used to assess the effect of heat on dairy cattle [19] . The methods for its calculating are varied [20] , like degree of heat stress that it characterizes [21] .
Ensuring the comfort of animals in an uninsulated cowshed remains a problem, since the indoor climate does not different much from the external environment [8] . Although an uninsulated cowshed has an advantage over keeping livestock on an open air pasture during the summer heat (regarding the possibility of using large diameter fans and irrigation), the temperature difference inside and outside the cowshed during the warm period of the year does not exceed 5° С [22] [23] [24] . Therefore, the effect of high temperatures on cows is significant.
The purpose of the study was to analyze the temperature and humidity regime of an uninsulated cowshed and the possibility for heat stress development in Holstein cows during summer heat.
Materials and methods of research. The temperature (°C) and relative humidity were measured in the cowshed of the dairy enterprise of the private joint-stock company Agro-Soyuz (Dnipropetrovsk oblast', Ukraine) in August 2018 during the summer heat. The uninsulated cowshed of hangar type with an awning covering, has side canvas curtains, four-row placement of stalls for keeping dairy cows without a leash. The dimensions in the axes are 124 × 34.5 m, the height in the skate is 8.25 m. The total area of the premise per cow is 4.3 m2 ____________________________________________________________________________________________________________ ______________________________________________________________________________________ 89
(the stall is 2.24 m2). The cowshed is equipped with a feeding table and group automatic drinking-bowls.
Fig. 1. Uninsulated cowshed of the hangar type with an awning coating
Remote thermohygrometer sensors (F007TH) of the Ambient Weather WS-10 (Ambient LLC, USA) were placed directly in the stalls around the edges and in the center of the premise at the cows resting level, and separately in the shade outside of the cowshed (Fig. 2 b, c). Sensor readings were recorded at intervals of 5-20 min continuously throughout the day. Protective covers for sensors in the form of durable metal mesh were fixed in stalls ( Fig. 2a ), so that animals could get used to them. Cows are very curious, and their excessive attention could affect the accuracy of measurements. Before measurements, the sensors and the instrument were configured using Assman aspiration psychrometer by GOST 6353-52.
a.
b. c. The state of comfort of the cows was determined by calculating the temperature-humidity index (THI) by the equation: 
where THI = temperature-humidity index; T = air temperature, °С; RH = relative humidity, %.
Mathematical processing of the obtained results was performed using the Statistica 10 software package for statistical analysis (StatSoft, Inc., USA). Differences between samples were determined using ANOVA and were considered significant at P <0.05.
Presenting main material. Studies were carried out in the range of external temperatures from +19.2 to +36.9° С. The temperature in the cowshed was ____________________________________________________________________________________________________________ ______________________________________________________________________________________ 90 depended on the environmental state. Large diameter fans worked in the room around the clock (the speed of air movement in the animal resting place was on a level was on level 0,5-0,9 m/s). The correlation between the air temperature inside and outside the cowshed amounted to r = 0.962 (R2 = 0.93). The average temperature inside and outside the cowshed differed slightly ( Fig. 3 ). With an external temperature of +20-23° С (at night and in the early morning) the temperature difference inside and outside the room did not exceed 0.3° С. From the morning and until noon, when the external temperature warmed up to +32°C, it was 1.5-2.0° C warmer in the cowshed. We associated this with the ability of the room to retain the heat which produced by animals. During the summer heat, when the outside air warmed up above +35 °C, the tent of the cowshed appeared as a shadow protection for animals. Indoors was cooler. The difference in average temperatures was up to 1.9° C. When the temperature decreased to +32 °C in the evening and until midnight, in the uninsulated cowshed it was 1.5-2.5° C cooler. Which we connected with faster cooling of the room where the fans were worked.
Fig. 3. Dynamics of average temperatures inside (green line) and outside (red line) the uninsulated cowshed
The temperature in different parts of the room, having a north-south location relative to the cardinal directions, differed significantly (Tab. 1). From 7:00 a.m. to noon in the southeastern part of the room it was warmer by 0.5-3.0 ° С than in the northwestern part. This is due to the warming up of the cowshed by the rays of the rising sun. In the afternoon and until 6 p.m., the north-west side warmed up greater. The temperature was higher by 0.3-1.2 ° С. The temperature difference in the center and the end faces of the cowshed during the day was 0.1-3.7 ° C. The relative air humidity in the cowshed was depended on the environmental state ( Fig. 4 ). The correlation between the relative humidity inside and outside the cowshed amounted to r = 0.954 (R2 = 0.91). Its average values in the cowshed were the highest (48.2-55.9%) at night and in the early morning before sunrise. The difference between relative humidity values indoors and outdoors was small (0.7-3.4%). In the noon hours and until 4:00 p.m. with maximum warming up of atmospheric air, its humidity decreased to 13.5%, however in the cowshed it remained higher on average by 7.9-11.7%. The difference was significant in the evening and until sunset (6.1-12.4%), and only after sunset and until midnight, it was only 3.4 -4.1%. During 24 hours, the relative air humidity in the cowshed was higher than outside. This is due to the release of moisture by animals and evaporation from wet surfaces of enclosing structures.
Fig. 4. Dynamics of average relative humidity values outside (green line) and inside (brown line) uninsulated cowshed, n=402
The relative air humidity differed in different parts of the lightweight cowshed (Tab. 2). From 9:00 a.m. to 6:00 p.m. it was higher in the central part of the room by 0.5 -7.2% than in the end parts of the uninsulated cowshed. In the morning and evening hours, as well as at night, the air humidity in the south-eastern part of the room was 0.5 -6.2% higher. During the day, the relative air humidity in the northwestern part of the cowshed was lower.
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______________________________________________________________________________________ 92 Temperature and air humidity regime in an uninsulated cowshed significantly changed during the day (Fig. 5 ). The correlation coefficient between the temperature and the relative air humidity in the room was high r = -0.884 (P <0.05). The construction of a linear regression model (Fig. 6) shows their high mutual conditionality (R2 = 0.78). As the temperature in the cowshed raised by 1° C, the relative air humidity dropped by 1.7%. 
. Correlation between air temperature and relative air humidity in an uninsulated cowshed, n=402
To evaluate the effect of air temperature and humidity on animals in such conditions is rather difficult without the use of an integral indicator which would take into account their combined effect on the dairy cows organism. The temperature-humidity index (THI) has long been used to assess the comfort of livestock in conditions of heat. In the external environment, it was within 64.9-79.7. In an uninsulated cowshed, the THI value was 64.1-81.0. The difference between the THI outside and inside uninsulated cowshed, depending on the end of the building was 0.1-2.7 (Tab. 3) Table 3 Dynamics of the temperature-humidity index in an uninsulated cowshed during the day, Mean (±SE) In different ends of the uninsulated cowshed, depending on the time of day, the greatest difference in THI value was 2.5-4.4 (Fig. 4) exceeding the comfortable values for dairy cows even in the morning and evening hours. Therefore, the differences in the indicators of the temperature-humidity index in different ends of the uninsulated cowshed can significantly affect the state of comfort of the animals.
Discussion. "Cold" or "uninsulated" cowsheds are usually referred to that one with natural ventilation, the barrier structures of which are made with minimal thermal insulation or without it. A well-built cowshed should work as a tent in the summer, protecting animals from rain and sun. The difference between the indoor and outdoor air temperature in it usually doesn't exceed 5° С [25] .
The air temperature in modern lightweight cowsheds depends on the ambient air temperature, which directly affects the animals living conditions. Therefore, to prevent the loss of milk, it is necessary to implement effective methods of heat diffusion and temperature stabilization in cowsheds [18] .
Many researchers [8, 14, 20] had been calculating the THI, using meteorological data (temperature and relative humidity) which were obtained at stations located near farms. This is a very convenient and affordable way. However, even in an uninsulated cowshed, the difference in THI values inside and outside the room can be significant. As well as in different places of the room, the indicators of THI were different too. In particular, in the central part of the cowshed with natural ventilation [26] , THI was higher by 2.33 than in the end parts.
The authors [14, 27, 28] were tend to think that THI at level 72 is the beginning for reducing milk yield in dairy cows, and for the content of milk fat and protein its threshold values are even lower. Thus, the differences we obtained in the THI value of 2-4 units in different parts of the non-insulated cowshed could affect the milk yield and milk composition of individual animals.
It should be noted that the studies were carried out with large diameter fans operating around the clock. The air speed at the animal resting site was low (up to 0.9 m/s), and only near the feeding table its maximum speed was 2.8-3.6 m/s. There were no significant ____________________________________________________________________________________________________________ ______________________________________________________________________________________ 95 differences in the air speed in the ends of the cowshed and its central part. Experiments in the climate chamber [29] showed that the normalization of the animals clinicalphysiological parameters (respiration rate, pulse, skin temperature) directly depended on the fan speed and the time of airflow impact, the higher they were, the faster clinical parameters returned to the limits of physiological standards. Comfortable environment in the rest and feeding areas of animals was achieved when the fans were located at a height of 2.5-3 meters from the floor at an angle of 12-17 ° and the distance between the fans was 14 m.
However, the opinion of researchers on this subject was different. One of the author [23] as a positive influence on the behavior of dairy cows during the summer heat recommended to increase the air speed to 3-4 m/s, while in the recommendations of others [29] , its mobility should not exceed 1.5-2.0 m/s. This is quite enough to reduce the temperature of the skin by 5 ° C with increasing heat dissipation due to convection and evaporation.
Apparently, the use of large diameter fans alone in uninsulated cowshed, in our case, was insufficient, since the value of the temperature-humidity index exceeded the rate (68) that was comfortable for cows for 18 hours per day.
In the results which were published in 1988 [30] , it was shown that a combination of wetting and forced ventilation can reduce the daily increase in rectal temperature by 0.3 ° C, increasing cows milk yield by 3.6 kg per day. However, in conditions of low air mobility, excessive humidity when using sprinklers may cause animals overheating due to impairment of heat loss. The suggested technical solution [31] [32] , allowed to adjust the temperature and maintain the air relative humidity in livestock buildings by creating micro-droplet water mist (the droplet size up to 30 microns) in the animals area. Due to the water evaporation, the livestock building is cooled up to 4...10° C. The advantage of this system is the automatic maintenance of the microclimate (humidity / temperature), the elimination of dust and pathogenic bacteria, the neutralization of unpleasant odors and volatile compounds (ammonia, methane, carbon dioxide, etc.), as well as dry litter, which is preferred [33] . We consider those systems to be the most acceptable in the period of a significant increase in THI indoors.
Conclusions and future prospects research. The indoor temperature and humidity regime in an uninsulated cowshed was similar to the external environment. Differences in THI indicators inside and outside the room, as well as in its different parts, were due to the location and design features of the uninsulated barn. This can affect the comfort of individual animals during summer heat. Largediameter fans did not provide effective cooling of the air at the cows resting place for a long time during the day. This should include the use of additional technical solutions in periods of significant increase in THI, possibly through irrigation. The effectiveness of various methods of normalization of the microclimate in an uninsulated room during the summer heat will be the subject of further research.
